ness mandates, state-based exchanges, and subsidies for lower-income individuals and families. 3 Both laws require all individuals who can afford insurance to obtain a policy. If these individuals do not purchase insurance, they will be required to pay a fine. 3 Both health care reforms also compel businesses to either provide insurance, or money for all employees to purchase their own health care insurance policy. The state-based exchanges consist of authorities responsible for operating a health insurance marketplace, and a website that allows citizens to compare different insurance company policies and choose a plan that best suits their medical and financial needs. 3 Both statutes provide subsidies for lower-income households. These subsidies are provided for purchase of private health care insurance coverage to anyone whose income is below 400% of the federal poverty level. 3 There has been significant concern that the ACA will create an acute rise in patient demand without an appropriate increase in physicians, resulting in a higher burden on doctors in a system that is already exhausting physicians. 1 Because of the similarities between the Massachusetts reform and the federal ACA, Massachusetts provides a unique opportunity to observe trends in a health care system in which individuals are required to have health care insurance. 8 Several studies have reported changes that occurred in Massachusetts health care since 2006, including an increase in major inpatient procedures for nonelderly, lower-and medium-income populations; an increase in minimally invasive surgeries (MISs) for nonwhite patients; reduction in measured racial disparities of patients who undergo MIS; and an increase in discretionary surgeries compared with nondiscretionary operations. 4, 6, 8 Although 1 study included spinal surgery among all inpatient procedures, 4 to our knowledge, no study has analyzed the effect of this policy change on neurosurgical procedures as a whole.
We compared data from Massachusetts before and after enactment of the Massachusetts reform to analyze changes in the number of neurosurgical procedures performed and the percentage performed on uninsured patients. Our goal is to better understand the potential effects of the ACA on neurological surgery throughout the US.
methods
Data were obtained from the State Inpatient Database for Massachusetts and New York (the control state) using the HCUPnet online service, a segment of the Healthcare Cost and Utilization Project. This database includes demographic information on all patients discharged from hospitals in the US. Other researchers have used New York as a control, 4 and this is appropriate given its regional location near Massachusetts and the fact that the State Inpatient Database contains data for all years analyzed in this study.
We grouped neurosurgical procedures into 4 categories: 1) tumor; 2) other cranial/vascular; 3) ventriculoperitoneal (VP)/thecal shunts, and 4) spine. These 4 categories have been used in other studies to predict trends in neurological surgeries and for cost analysis. 2, 7 All Interna- 
Reduced model: Y ij = m + tI ij + gx ij + e i (2) in which m is an overall mean, t is the fixed treatment effects of Group 1, x ij is the centered data of the j th observation in group 1, I ij is an indicator, and I ij = 1 if x ij is in Group 1, otherwise I ij = -1.
These models show that the interaction item has an effect on the slope of the regression line. If the coefficient of the interaction was significant (b ≠ 0), there was a significant difference between the slopes of the regression lines of the two groups. We could then conclude that there were significant differences between the two groups. If the coefficient of the interaction was not significant (b = 0), we continued to test whether they had different intercepts:
Reduced model:
If the coefficient of the indicator was significant (t ≠ 0), there was a significant difference between the intercepts of the regression lines of the two groups. We could then conclude that there were significant differences between the two groups. Otherwise, we could not reject the null hypothesis that procedure rates were the same for the two groups.
There was a small subset of patients in the Massachusetts database for whom insurance status data were missing. Although these values were less than 0.06% of all cases, to account for the missing data, we used the most traditional and common approach and simply omitted cases with missing data and analyzed the remaining data. Thus, we calculated the procedure per 100,000 population and uninsured neurosurgical procedures per 100,000 population values as follows: The State Inpatient Database had a small number of patients in both Massachusetts and New York for whom age or sex was unknown. In Massachusetts, there were 32 patients, or 0.02% of the total, with missing data, and for New York 20 patients, or 0.004%. In addition, there were some patients in the Massachusetts group for whom insurance status was unknown; this included 118 patients, or 0.06% of the total data.
From 2001 through 2012, our linear population model showed that the Massachusetts population increased by nearly 20,000 people per year, and the New York population increased by more than 40,000 per year.
Our analysis of the number of neurosurgical procedures performed on uninsured patients in Massachusetts showed a statistically significant decrease in all 4 categories during 2008-2012 compared with 2001-2007. Figure  1 shows this decline in uninsured patients after health care reform for tumor (test slope p = 0.0355), other cranial/vascular (test slope p = 0.0066), VP/thecal shunts (test slope p = 0.1580, test intercept p = 0.0091), and spine (test slope p < 0.0001). The lowest ratios of uninsured patients who underwent neurosurgical procedures per 100,000 population after health care reform in Massachusetts were 0.76 for tumor ( Fig. 2A) , 0.11 for VP/thecal shunts (Fig. 2C) , 0.96 for other cranial/vascular (Fig. 2E) , and 0.67 for spine (Fig. 2G) . Figure 2H shows that the only significant change in neurosurgical procedures on uninsured patients in New York was an increase in spine surgeries (test slope p = 0.9261, test intercept p = 0.0479). The lowest uninsured ratios per 100,000 people in New York after 2006 were 0.59 for tumor (Fig. 2B) , 0.17 for VP/thecal shunts (Fig.  2D ), 1.37 for other cranial/vascular (Fig. 2F) , and 1.36 for spine (Fig. 2H) . Figure 2A , C, E, and G show trends in total neurosurgical procedure numbers for all 4 subspecialty categories. 
discussion
Several studies have used the 2006 Massachusetts health care policy as a model to predict the impact of the ACA. 4, 5, 8 To our knowledge, this is the first study to examine the impact of this reform on neurological surgery as a whole. Our data show a significant decrease in the percentages of uninsured individuals undergoing all categories of neurosurgical procedures in Massachusetts after its health care policy change. This result is not surprising because the health care insurance law required all individuals to obtain health care insurance. Similar results have been reported in other studies. Toussaint et al. examined orthopedic trauma surgeries in Boston before and after the state's policy change. 12 They reported a decrease in un- 12 Interestingly, they still observed an uninsured rate of more than 14% after the policy change. Our study showed a significant decrease in uninsured patients after 2008 for all subspecialties. The highest uninsured rate noted in our study was for the 2007 VP/thecal shunt subgroup, which was 3.5% of surgeries or 0.59 cases per 100,000 population. The observation that neurosurgical uninsured rates were less than those reported in the Toussaint et al. study suggests that trauma patients comprise a smaller portion of the total neurosurgical patient population, resulting in a higher percentage of procedures performed on an elective basis. Regardless of the specialty, studies consistently show a significant decline in uninsured cases in Massachusetts after its health care policy change.
The decline in uninsured cases is important to note, but it does not show the full impact of the policy change. Several studies have shown increases in the number of surgical procedures in Massachusetts after 2006. Ellimoottil et al. examined the effect of the policy on discretionary versus nondiscretionary surgeries. 4 They defined discretionary as elective inpatient procedures and nondiscretionary as surgeries that addressed an immediate life-threatening condition. They showed a significant increase in discretionary surgeries and a concordant decrease in nondiscretionary surgeries after the reform. 4 Another study that examined the effect of the policy on MIS showed an increase in nonwhite individuals undergoing MIS after 2006. 8 Our study showed an increase in only 1 subspecialty category, other cranial/vascular. Although we noted a statistically significant increase, the postreform case volume plateaued after only 3 years (Fig. 2E) . The control state (New York) showed a statistically significant decline in the other cranial/vascular category. Massachusetts' increase in other cranial/vascular procedures is consistent with the national trend, but we are not able to explain why New York had a decline in this category. Other than the increase in other cranial/vascular surgeries, we found no increase in procedures or procedure trends in Massachusetts. Tumor cases had no significant change, and VP/thecal shunt surgeries decreased. New York had no changes in the number of procedures for either of these categories. Although spine case volume increased after the new policy, the rate at which it increased was not different than the pre-policy trajectory; therefore the policy did not cause an increase in spine surgery volume in Massachusetts. The rate of spine procedure volume did increase in New York. Our study shows that after the Massachusetts health care insurance reform, total surgery numbers did not dramatically increase in the majority of neurosurgical specialties. This result has been observed in other research. Ellimoottil et al. examined urological surgeries in Massachusetts after the reform. 5 Although they found an increase in nonwhite and low-income patients undergoing surgeries, there was no significant change in overall urological surgeries.
5
Previous data and our study show that in certain specialties, mandated health care insurance does not result in increased case totals. The most likely explanation for this finding is that most clinical conditions that require neurosurgical procedures are sufficiently urgent that patients present themselves for care irrespective of their insurance coverage. In addition, the neurosurgeons who evaluate these patients typically offer appropriate surgical treatment irrespective of insurance payments.
The results of this study show a significant impact of policy changes on physician and hospital reimbursement for neurosurgical procedures. If the patient population remains stable and the percentage of insured patients increases, there is a potential for higher reimbursement per patient. However, the total reimbursement to a practitioner depends on the overall payer mix. A major concern for some with regard to the ACA, however, is whether reimbursement rates per procedure will decrease to compensate for the increase in the percentage of patients covered by insurance. 11 Rosenow et al. conducted a survey of neurosurgeons with regard to Medicare reimbursements, and found that neurosurgeons are less likely to accept Medicare patients as rates continue to decrease. 11 If procedure rates decline, overall reimbursements may not increase as the insured population increases. A major influence in this debate is whether the previously uninsured patients will obtain government-funded coverage, or whether the ACA will push these individuals into the private sector. Another concern is that patients with higher-paying private insurance plans will transition to ACA health care coverage, resulting in lower reimbursement rates for procedures. There are two possible causes for this shift: either employers will no longer provide private insurance to their employees, and allow them to obtain coverage through the ACA, or individuals will decide to obtain an ACA plan because of the anticipation of lower policy rates. Future research is needed to make these distinctions.
Our study has some limitations. The first is that our data from the State Inpatient Database is based on ICD-9-CM procedure codes. It is more common for procedures to be billed as Current Procedural Terminology (CPT) codes. These two are not interchangeable, and they use different categories and specifications. Our list of ICD-9-CM procedure codes for neurosurgery is all-inclusive, but not as specific as CPT codes. Despite the lack of a CPT database, ICD-9-CM procedure codes have been widely used in research and are thus appropriate for our study. The fact that the same method was used for both Massachusetts and New York should make relative comparisons accurate even if he exact numbers are not.
Another limitation of our study is that the demographic makeup of Massachusetts differs from the national averages. When comparing Massachusetts with the US as a whole, the 2010 census showed that the Massachusetts 
